This study reports 3 patients who underwent total knee arthroplasty combined with extra-or intraarticular correction technique for arthritic knees with extra-articular deformity of the femur or tibia.
introduction
It is difficult to obtain optimal mechanical alignment through total knee arthroplasty (TKA) in patients with knee deformity, because the deformity (canal sclerosis, crooked canal, or retained hardware) may prevent the use of an intramedullary guide. Distortion of an anatomic landmark secondary to a previous trauma or treatment can make TKA more challenging and the outcome less satisfactory. 1, 2 The deformity can be corrected using an intra-or extra-articular Total knee arthroplasty with extra-or intraarticular correction technique for arthritic knees with extra-articular deformity of the femur or tibia: a report of three cases correction technique with a conventional instrument, computer-assisted navigation system, or patientspecific instrument. This study reports 3 patients who underwent TKA combined with extra-or intraarticular correction technique for arthritic knees with extra-articular deformity of the femur or tibia.
case reports
A single surgeon performed all 3 TKAs under spinal anaesthesia with a femoral nerve block through the median parapatellar approach using conventional instruments and a fixed bearing, posterior-stabilised prosthesis. Preoperative planning was performed to determine the corrective osteotomy, cutting line so as not to endanger the collateral ligament attachment, amount of bone lost, and need for expanding stems or augments. Intra-operatively, prosthesis orientation, lower-limb alignment, and soft-tissue balance were checked using fluoroscopy. Postoperatively, standing radiograph of the knee was obtained at 1, 3, 6, and 12 months. Knee Society knee and function scores were assessed. The mean follow-up duration was 35
Patient 1
In August 2011, a 50-year-old man presented with a closed fracture of the left femoral shaft that had been treated with traditional medicine and a 2-year history of progressive left knee pain. He had sustained a motorcycle accident at the age of 17 years. Radiographs revealed a malunited fracture of the left femoral shaft, advanced osteoarthritis of the left knee, a deformity of 6.8º varus in the coronal plane, 10.8º recurvatum in the sagittal plane, and 5 cm shortening ( Fig. 1 ). The extra-articular deformity of the femur precluded the use of a long intramedullary femoral reference guide. Thus, the malunited site was osteotomised through an extended incision to the lateral side of the thigh. The guide wire was applied at the osteotomy site, and the intramedullary canal of the proximal and distal femur was reamed ( Fig. 1) . A bar of an external fixator was used for temporary stabilisation (Fig. 1 ). The long intramedullary femoral reference guide was applied into the bar, and the femur was cut in a conventional fashion. The corrective osteotomy was then fixed with a retrograde femoral nail, and bone grafts from the bone cut were impacted to the osteotomy site. The total knee prosthesis was fixed with antibiotic-loaded polymethyl methacrylate in a standard fashion. The tibiofemoral angle was corrected from 13.4º varus to 2.1º valgus, and the leg length discrepancy decreased from 5 to 2.5 cm. At postoperative 8 months, he underwent iliac bone grafting and plate fixation for nonunion of the osteotomy site. Six months later, bone union was achieved. The range of knee motion increased from 10º-100º to 10º-120º. The Knee Society knee score improved from 28 to 83, and function score from 35 to 90. There was no sign of component loosening.
Patient 2
In October 2011, a 56-year-old woman presented with severe left knee pain. 12 years earlier, she had sustained an open fracture of the left proximal tibia after a motorcycle accident, and had undergone open reduction and internal fixation with a plate and screws that were removed one year later. Radiographs revealed a malunited tibia and advanced degenerative arthritis of the left knee (Fig. 2) . The tibial deformity was 25.7º varus in the coronal plane and 21º antecurvatum in the sagittal plane.
The knee was exposed through the extended median parapatellar approach to the malunited site (Fig. 2) . The malunited site was obliquely osteotomised, and the tibial alignment was corrected and temporarily fixed with screws and Kirschner wires (Fig. 2) . The femoral and tibial bone cuts were performed using the conventional intramedullary guide, followed by soft-tissue balancing. A standard femoral component and a tibial component assembled with a 100-mm uncemented stem and a 26-mm-thick medial metal wedge were fixed with antibiotic-loaded polymethyl methacrylate. Bone grafts from the bone cut were impacted to the osteotomy site.
At postoperative 5 months, the patient achieved bone union at the osteotomy site, good positioning of the components, and good lower-limb alignment. The tibiofemoral angle was corrected from 12º varus to 0º. The range of knee motion increased from 0º-120º to 0º-135º. The Knee Society knee score improved from 34 to 84, and function score from 20 to 90.
Patient 3
In July 2012, a 63-year-old man presented with severe right knee pain and limited range of knee motion. 25 years earlier, he had sustained a supracondylar fracture of the right femur following a motorvehicle accident and had been treated by traditional medicine. Radiographs showed a malunited femur, a severely osteoarthritic right knee, with 22º valgus in the coronal plane and 38.6º recurvatum in the sagittal plane (Fig. 3) .
The medullary canal of the distal femur was not sclerotic and an intramedullary guide was inserted from the posterior medial femoral condyle and passed through the malunited femur under fluoroscopy (Fig. 3) . The bone cut and soft-tissue balancing were performed in a standard fashion. The knee prosthesis was fixed with antibiotic-loaded polymethyl methacrylate. The patellar tracking was checked. Bone grafts from the bone cut were impacted to the osteotomy site.
Postoperatively, the tibiofemoral angle was corrected from 1.3º valgus to 2.2º valgus. The Knee Society knee score increased from 16 to 88, and function score from 20 to 90. The range of knee motion increased from 10º-100º to 10º-110º. 
discussion
The long-term survival of TKA depends on proper restoration of lower-limb alignment, accurate positioning of the prosthesis and balancing of soft tissue. 3 A mechanical axis within 3º of the neutral axis is known as the 'safe zone' and guarantees long-term survival of TKA. [4] [5] [6] [7] [8] The intra-articular correction technique through bone resection to compensate for the deformity followed by excessive soft tissue release is appropriate for an extra-articular deformity of the femur <20º, and of the tibia <30º in the coronal plane and <15º in the sagittal plane. [9] [10] [11] The extra-articular correction technique using an extended incision or an extended stem is appropriate for deformities close to the joint line, beyond the scope of intra-articular correction technique, or when the distal femoral cut may violate the collateral ligament attachment, or when the intramedullary axis of the tibia passes outside the proximal tibial plateau. 12, 13 A deformity or retained hardware may preclude the use of an intramedullary guide because of distorted anatomic landmarks. Using an extramedullary guide or a short intramedullary guide may avoid this problem. Computer-assisted navigation or patient-specific instrument enable calculation of the mechanical axis pre-or intra-operatively, 12,14-16 but is complex and costly.
It is suggested that the intra-articular correction technique is used when the deformity is <20º in the coronal plane, and that the extra-articular correction technique is used when the deformity is beyond the capability of intra-articular correction technique or when the intra-articular technique jeopardises the attachment of the collateral ligament. 17 To avoid a second operation, simultaneous corrective osteotomy and TKA was performed. Nonetheless, it is important to be alert for imbalanced soft tissue gap from the atypical bone cut of the intra-articular correction technique.
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